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(54) Display apparatus with automatic luminance adjustment function 



(57) A display apparatus is capable of displaying an 
image at a proper luminance based on an input video 
signal without being influenced by temperature changes 
or time-dependent changes. The display apparatus is 
provided with a monitoring circuit constituted by a mon- 
itoring luminescent device, a reference current source 
of a reference drive current for causing the monitoring 
luminescent device to emit light at a luminance of K%, 



a transistor for supplying the reference drive current to 
the monitoring luminescent device, and a switch for con- 
necting an output end of the reference drive current and 
a control end of the transistor. An input video signal is 
corrected to have a level according to the voltage value 
on the control end of the transistor driving the monitoring 
luminescent device when the luminance indicated by 
the video signal is K% of a maximum luminance level. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a display ap- 
paratus including mounting an active matrix type display 
panel. 

2. Description of Related Art 

[0002] Nowadays, an electroluminescent display ap- 
paratus (hereinafter referred to as "the EL display ap- 
paratus") incorporating a display panel that uses organ- 
ic electroluminescent devices (hereinafter referred to as 
"EL devices") as luminescent devices carrying pixels 
has been attracting attention. A simple matrix drive type 
and an active matrix drive type are known as the driving 
scheme for the display panel of the EL display appara- 
tus. The active matrix drive type EL display apparatus 
is advantageous in that it consumes less power and in- 
curs less cross talk among pixels, as compared with the 
simple matrix type, making it particularly suitable for a 
large-screen display or a high-definition display. 
[0003] Fig. 1 schematically shows the construction of 
an active matrix drive type EL display apparatus. 
[0004] The EL display apparatus shown in Fig. 1 is 
constructed of a display panel 10 and a drive unit 100 
for driving the display panel 10 in response to a video 
signal V L . 

[0005] The display panel 1 0 has an anode power bus 
line 16, a cathode power bus line 17, scanning lines or 
scanning electrodes A 1 through A„ for n horizontal scan- 
ning lines of one screen, and m data lines or data elec- 
trodes through B m disposed to cross the scanning 
lines. A power potential Vc is applied to the anode power 
bus line 1 6, while a ground potential GND is applied to 
the cathode power bus line 17. Furthermore, EL ele- 
ments E, (1 through E n m carrying the pixels are formed 
at the intersections of the scanning lines A 1 through A„ 
and the data lines B, through B m in the display panel 1 0. 
[0006] Fig. 2 shows an example of the internal con- 
struction of an EL unit E formed at the intersection of a 
scanning line A and a data line B. 
[0007] Referring to Fig. 2, the scanning line A is con- 
nected to a gate G of a Held effect transistor (FET) 11 
for selecting scanning lines, a data line B being connect- 
ed to a drain D thereof. A gate G of a FET 12 acting as 
a light emission drive transistor is connected to a source 
Sof the FET 11. 

The power potential Vc is applied to a source S of the 
FET 1 2 via the anode power bus line 1 6, and a capacitor 
13 is connected between the gate G and the source S. 
Furthermore, an anode end of an EL device 15 is con- 
nected to a drain D of the FET 12. The ground potential 
GND is applied to the cathode end of the EL device 15 
via the cathode power bus line 17. 



[0008] The drive unit 1 00 selectively applies scanning 
pulses to the scanning lines A., through A n of the display 
panel 10 in sequence. In synchronization with the appli- 
cation timings of the scanning pulses, the drive unit 100 
also generates pixel data pulses DP A through DP m on 
the basis of the video signal V L corresponding to each 
of the horizontal scanning lines, and applies the gener- 
ated pulses to the data lines B 1 through B m . Each of the 
pixel data pulses DP has a pulse voltage based on the 
luminance level indicated by the video signal V L . Pixel 
data is written to the EL devices connected to the scan- 
ning line A to which a scanning pulse is applied. The 
FET 1 1 in the EL unit E to which the pixel data is written 
turns ON in response to the scanning pulse, and applies 
the pixel data pulse DP supplied via the data line B to 
the gate G of the FET 12 and the capacitor 13. The FET 
1 2 produces a light emission drive current based on the 
pulse voltage of the pixel data pulse DP and applies the 
produced current to the EL device 15. With the light 
emission drive current, the EL device 15 emits light at a 
luminance based on the pulse voltage of the pixel data 
pulse DP. Meanwhile, the capacitor 1 3 is charged by the 
pulse voltage of the pixel data pulse DP. The charging 
operation maintains the capacitor 1 3 at the voltage level 
corresponding to the luminance level indicated by the 
video signal V L , causing pixel data to be written. When 
the pixel data has been written, the FET 11 turns OFF 
to stop the supply of the pixel data pulse DP to the gate 
G of the FET 12. However, the voltage held at the ca- 
pacitor 13 mentioned above continues to be applied to 
the gate G of the FET 12, so that the FET 12 continues 
to supply the light emission drive current to the EL de- 
vice 15. This means that, even after the writing of the 
pixel data has been completed, the EL device 15 con- 
tinues to emit light at a luminance based on the lumi- 
nance level indicated by the video signal V L . 
[0009] On the other hand, the characteristics of the 
FET 11 , the FET 1 2, and the EL device 1 5 vary accord- 
ing to temperature or with time. This has been posing a 
problem in that, if, for example, an ambient temperature 
changes, then the light emission drive current passing 
through the EL device 15 does not reach a desired cur- 
rent value, so that the EL device 1 5 cannot emit light at 
a proper luminance based on a received video signal. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in veiw 
of the problem described above, and it is an object of 
the invention to provide a display apparatus capable of 
display images at proper luminances based on a re- 
ceived video signal independently of changes in tem- 
perature or time. 

[001 1] To this end, according to the present invention, 
there is provided a display apparatus incorporating a 
display panel constituted by luminescent pixel units ar- 
ranged in a matrix pattern, each of the luminescent pixel 
units including a first transistor for generating a drive 
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current based on a video signal, and a luminescent de- 
vice that emits light at a luminance based on the drive 
current, the display apparatus having a monitoring lumi- 
nescent device, a rclcronce current source generating 
a reference drive current that causes the monitoring lu- 
minescent device to emit light at a luminance of K% of 
a maximum luminance level, a second transistor for sup- 
plying the reference drive current to the monitoring lu- 
minescent device, a switch for connecting an output end 
of the reference drive current in the second transistor 
and a control end ol the second transistor, and a video 
signal corrector lor correcting the video signal so that a 
voltage value on a control end of said first transistor is 
equal to the voltage value on the control end of the sec- 
ond transistor when the luminance indicated by the vid- 
eo signal is K% of the maximum luminance level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 2] 

Fig. 1 is a shematic diagram ol an active matrix drive 
type EL display apparatus: 

Fig. 2 shows an example of an internal construction 
of an EL unit E carrying pixels: 
Fig. 3 shows the construction of the active matrix 
drive type EL display apparatus in accordance with 
the present invention: 

Fig. 4 shows the configuration of a gate voltage 
monitoring circuit 200: 

Fig. 5 shows the construciion of another embodi- 
ment of the EL display apparatus according to the 
present invention; 

Fig. 6 shows the configuration of a gate voltage 
monitoring circuit 200' provided in the EL display ap- 
paratus shown in Fig. 5: and 
Fig. 7 shows an example of the internal construction 
of an EL unit E equipped with the functions of the 
gate voltage monitoring circuit 200. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 3] The embodiments ol the present invention will 
be explained in detail with reference to the accompany- 
ing drawings. 

[001 4] Fig. 3 shows the construction of the active ma- 
trix drive type EL display apparatus in accordance with 
the present invention. 

[001 5] Referring to Fig. 3. the EL display apparatus in 
accordance with the present invention is constructed of 
a display panel 1 0, a drive unit 1 50 for driving the display 
panel 10, a gate voltage monitoring circuit 200, and an 
adder 300. 

[001 6] The display panel 1 0 has an anode power bus 
line 1 6, a cathode power bus line 1 7, scanning lines A 1 
through A n for n horizontal scanning lines of one screen, 
and m data lines B 1 through B m disposed such that they 



cross the scanning lines. A power potential Vc is applied 
to the anode power bus line 16, while a ground potential 
GND is applied to the cathode power bus line 17. Fur- 
thermore, EL devices E 1f1 through E n m carrying the pix- 
5 els are formed at the intersections of the scanning lines 
A t through A„ and the data lines B t through B m in the 
display panel 10. The internal construction of the EL unit 
E is the same as that shown in Fig. 2 described above, 
so that the explanation thereof will be omitted. 
10 [0017] The gate voltage monitoring circuit 200 is 
formed in the vicinity of the display panel 1 0. 
[001 8] Fig. 4 shows the configuration of the gate volt- 
age monitoring circuit 200. 

[0019] Referring to Fig. 4, a drain D of a field effect 
transistor (FET) 202 and a source S of a FET 203 are 
connected to one end of the monitoring EL device 201 , 
while a reference current source 204 is connected to the 
other end thereof. 

The reference current source 204 generates a prede- 
termined reference current l REF to be passed through 
the EL device 201 . The reference current l REF is 50% of 
a current amount that is supplied to cause the EL device 
201 to emit light at a maximum luminance level. This 
means that, when the reference current l^ is supplied, 
the EL device 201 emits light at a luminance of 50% of 
its maximum luminance level. A power potential Vc is 
applied to the source S of the FET 202 via the anode 
power bus line 1 6, and a capacitor 205 is connected be- 
tween a gate G and a source S. The FET 203 acts as a 
"switch" and turns ON when a sample pulse SP is sup- 
plied to the gate G thereof. A sample holding circuit 206 
is provided so that it captures and stores the voltage at 
the gate G of the FET 202 at the time when the sample 
pulse SP is supplied to the FET 203, and outputs the 
voltage as a gate voltage VG. 
[0020] More specifically, when the sample pulse SP 
is supplied, the the sampling process takes place as fol- 
lows. Since the FET 203 is switched ON when the sam- 
ple pulse SP is supplied, electrical connection is made 
between the gate G and the source S of the FET 202. 
In this state, the reference current l REF is allowed to flow 
through the FET 202 and the EL device 201 . The gate 
voltge VG of the FET 202 is derived according to the 
relationship between the drain current Id and the gate- 
source voltage Vgs, generally depicted by a Vgs-ld 
characteristics curve (in this case Vgs=VG, ld=l REF ). 
When the FET 203 turns OFF after having turned ON, 
the voltage VG at the gate of the FET 202 is held by the 
capacitor 205. The sampling process descrbed above 
is however repeatedly performed in order to accurately 
measure the gate voltage VG which may be affected by 
various factors, such as ambient temperature. 
[0021] An adder 300 adds the gate voltage VG to a 
received video signal VS and supplies the result as a 
video signal VS' to a drive unit 1 50. At this time, the value 
indicating a maximum luminance level in the video sig- 
nal VS is denoted as VM , and the value indicating a min- 
imum luminance level is denoted as -VM. 
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[0022] The drive unit 1 50 selectively applies scanning 
pulses to the scanning lines A, through A n of the display 
panel 10 in sequence. Furthermore, the drive unit 150 
generates pixel data pulses DP t through DP m based on 
the video signal VS' corresponding to horizontal scan- 
ning lines in synchronization with the timings at which 
the scanning pulses are applied, and applies the gener- 
ated pixel data pulses to data lines B 1 through B m . Each 
of the pixel data pulses DP has a pulse voltage based 
on the luminance level indicated by the video signal VS'. 
Pixel data is written to the EL devices connected to the 
scanning line A to which a scanning pulse is applied. 
The FET 11 in the EL unit E to which the pixel data is 
written turns ON in response to the scanning pulse, and 
applies the pixel data pulse DP supplied via the data line 
B to the gate G of the FET 1 2 and the capacitor 1 3. The 
FET 12 produces a light emission drive current based 
on the pulse voltage of the pixel data pulse DP and ap- 
plies the produced current to the EL device 1 5. With the 
light emission drive current, the EL device 1 5 emits light 
at a luminance based on the pulse voltage of the pixel 
data pulse DP. Meanwhile, the capacitor 13 is charged 
by the pulse voltage of the pixel data pulse DP. The 
charging operation maintains the capacitor 13 at the 
voltage level corresponding to the luminance level indi- 
cated by the video signal VS', causing pixel data to be 
written. When the pixel data has been written, the FET 
1 1 turns OFF and the supply of the pixel data pulse DP 
to the gate G of the FET 12 is stopped. However, the 
voltage held at the capacitor 13 mentioned above con- 
tinues to be applied to the gate G of the FET 1 2, so that 
the FET 12 continues to supply the light emission drive 
current to the EL device 15. This means that, even after 
the writing of the pixel data has been completed, the EL 
device 15 continues to emit light at a luminance based 
on the luminance level indicated by the video signal VS'. 
Thus, an image is displayed on the screen of the display 
panel 10 on the basis of the received video signal VS. 
[0023] The drive unit 150 drives the display panel 10 
as described above, and also supplies the sample puls- 
es SP to the gate voltage monitoring circuit 200 at pre- 
determined intervals to correct changes in the lumi- 
nance of the display panel 1 0 caused by a temperature 
change or time-dependent change. 
[0024] The descriptions will now be given of the lumi- 
nance correcting operation performed by the gate volt- 
age monitoring circuit 200 and the adder 300 in re- 
sponse to the sample pulses SP. 
[0025] First, when the sample pulse SP is supplied to 
the gate voltage monitoring circuit 200, the FET 203 
turns ON, and the reference current l REF for causing the 
EL device 201 to emit light at the 50% luminance passes 
between the source S and the drain D of the FET 202. 
Then, the gate voltage for passing the reference current 
l REF between the source S and the drain D of the FET 
202 is generated at the gate G of the FET 202. In other 
words, the gate voltage for causing the EL device 201 
to emit light at the 50% luminance is applied to the gate 



G of the FET 202. The sample holding circuit 206 cap- 
tures and stores the gate voltage of the FET 202 in re- 
sponse to the sample pulse SP. and supplies the gate 
voltage as the gate voltage VG to the adder 300. 

5 [0026] The constructions of the EL device 201, the 
FET 202, and the capacitor 205 provided in the gate volt- 
age monitoring circuit 200 are identical to those of the 
EL device 1 5, the FET 1 2, and the capacitor 1 3 formed 
in each EL unit E. Thus, the voltage to be applied to the 

10 gate G of the FET 1 2 to cause the EL device 1 5 to emit 
light at the 50% luminance at a current temperature is 
measured as the gate voltage VG by the gate voltage 
monitoring circuit 200. 

[0027] The adder 300 adds the gate voltage VG to the 
is video signal VS so as to produce a video signal VS' ob- 
tained by making a correction to compensate for the 
change in the luminance of the display panel 1 0 caused 
by a temperature change or time-dependent change. 
[0028] The video signal VS indicates the minimum to 
20 maximum luminance levels within the range from -VM 
to VM, as mentioned above. Hence, the video signal VS' 
determined by adding the gate voltage VG to the video 
signal VS takes the values within the range defined be- 
low: 

25 

[-VM+VG1 < VS' < [VM+VG] 

[0029] The intermediate value of the above range is 
30 obtained by: 

{[VM+VG] + [-VM+VG]}/2 = VG 

35 [0030] Thus, the video signal VS' is the signal that has 
been corrected so that the central value of the range of 
luminance levels is always equal to the value of the volt- 
age to be applied to the gate G of the FET 12 to cause 
the EL device 15 to emit light at the 50% luminance. In 

40 other words, to cause the EL device 15 to emit light at 
the 50% luminance, the video signal VS is corrected on 
the basis of the gate voltage VG to be applied to the gate 
G of the FET 12 so as to obtain the video signal VS'. 
[0031 ] Therefore, driving the display panel 1 0 accord- 

45 ing to the video signal VS' makes It possible to obtain a 
display image having a proper luminance level, accom- 
modating changes in ambient temperature and time-de- 
pendent changes. 

[0032] In the above embodiment, the value of the gate 
so voltage to be applied to the gate G, which is the control 
end of the FET 12, to cause the EL device 15 to emit 
light at the 50% luminance is used as the reference. 
However, the reference does not have to be the gate 
voltage obtained for the light emission at 50% lumi- 
55 nance. 

[0033] In short, other gate voltages may be used as 
the reference as long as a gate voltage VG K to be ap- 
plied to the control end (gate G) of the FET 12 is meas- 
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ured, and the input video signal is corrected so that the 
value of K% ol the maximum luminance level indicated 
by a video signal is equal to the gate voltage VG K when 
causing the EL device 15 to emit light at the K% lumi- 
nance. 

[0034] Alternatively, a gate voltage VG L to be applied 
to the gate G of the FET 12 to cause the EL device 15 
to emit light at a luminance of, for example, 1 0%, at a 
current temperature, and a gate voltage VG H to be ap- 
plied to cause the EL device 15 to emit light at a lumi- 
nance of 90% may be measured, and an input video sig- 
nal may be corrected on the basis of these gate voltages 
VG L and VG H . 

[0035] Fig. 5 shows the construction of an EL display 
apparatus according to another embodiment of the 
present invention made in view of the above. 
[0036] The display panel 10 shown in Fig. 5 has the 
same construction as those shown In Fig. 3 and Fig. 4, 
and the driving operation of the display panel 10 per- 
formed by a drive unit 150' is also the same as that by 
the drive unit 150 shown in Fig. 3; hence, the explana-. 
tion thereof will be omitted. 

[0037] Referring to Fig. 5, while driving the display 
panel 10 described above, the drive unit 150* supplies 
sample pulses SP1 and SP2 in sequence to a gate volt- 
age monitoring circuit 200' as necessary to compensate 
for a change in the luminance of the display panel 10 
caused by a temperature change and a time-dependent 
change. 

[0038] Fig. 6 shows the configuration of the gate volt- 
age monitoring circuit 200'. 

[0039] Referring to Fig. 6, a drain D of a FET 202 is 
connected to one end of a monitoring EL device 201, 
and reference current sources 204a and 204b are con- 
nected to the other end thereof. The reference current 
source 204a generates a reference current ILr EF for 
causing the EL device 201 to emit light at 10% of its 
maximum luminance level. The reference current 
source 204b generates a reference current IH REF for 
causing the EL device 201 to emit light at 90% of its 
maximum luminance level. An FET 207a turns ON in 
response to the sample pulse SP1 supplied from the 
drive unit 150* to pass the reference current IL REF pro- 
duced by the reference current source 204a to the EL 
device 201 . A FET 207b turns ON in response to the 
sample pulse SP2 supplied from the drive unit 150' to 
pass the reference current IH REF produced by the ref- 
erence current source 204b to the EL device 201. A 
power potential Vc is applied to a source S of the FET 
202 via an anode power bus line 16, and a capacitor 
205 is connected between a gate G and the source S. 
A sample holding circuit 206a captures and stores the 
voltage of the gate G of the FET 202 in response to the 
sample pulse SP1 supplied, and outputs the voltage as 
a gate voltage VG1 . A sample holding circuit 206b cap- 
tures and stores the voltage at the gate G of the FET 
202 in response to the sample pulse SP2 supplied, and 
outputs the vottage as a gate voltage VG2. 
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[0040] A luminance modulator circuit 400 modulates 
the video signal VS to produce a video signal VS' so that 
its level when the luminance represented by a video sig- 
nal VS' is 10% of the maximum luminance level is equal 

s to or corresponds to the gate voltage VG1 and its level 
when the luminance represented by the video signal VS' 
is 90% of the maximum luminance level is equal to or 
corresponds the gate voltage VG2. 
[0041] Essential point is that the voltage level of the 

w pixel data pulse DP supplied through the data line B 
(each of pixel data pulse DP.,-DP m supplied through the 
data lines B-,-B m shown in Fig. 5) becomes equal to VG1 
when the luminance represented by a video signal VS' 
is 1 0% of the maximum luminance level, and becomes 

is equal to VG2 when the luminance represented by the 
video signal VS' is 90% of the maximum luminance lev- 
el. 

[0042] In the above embodiment, the gate voltage 
monitoring circuit 200 is formed outside the display pan- 
20 el 10. Alternatively, however, the function of the gate 
voltage monitoring circuit 200 may be incorporated in 
one of the EL devices formed in the display panel 1 0. In 
this case, it is possible to selectively perform a normal 
display operation or the gate vottage monitoring opera- 
25 tion described above by providing a selector switch in 
the EL device. 

[0043] Fig. 7 shows an example of the internal con- 
struction of the EL unit E incorporating the function of 
the gate voltage monitoring circuit 200. 
30 [0044] Referring to Fig. 7, a FET 11 , a FET 12, a ca- 
pacitor 13, and an EL device 15 have the same con- 
structions as those of the module making up the EL unit 
E shown in Fig. 2. An FET 203, a reference current 
source 204, and a sample holding circuit 206 shown in 
35 Fig. 7 have the same constructions as those of the mod- 
ule making up the gate voltage monitoring circuit 200 
shown in Fig. 4. 

[0045] The EL unit E shown in Fig. 7 is provided with 
a switch 208 for selectively carrying out the basic oper- 
io ation of the EL unit E orthe operation as the gate vottage 
monitoring circuit 200. The switch 208 is set either to a 
mode in which a ground potential GND is applied to a 
cathode end of the EL device 15 or to a mode in which 
the reference current source 204 is connected to the 
45 cathode end of the EL device 15. This means that the 
switch 208 is set to the mode in which the ground po- 
tential GND is applied to the cathode end of the EL de- 
vice 1 5 while no sample pulse SP is being supplied from 
a drive unit 150. At this time, none of the FET 203, the 
50 reference current source 204, and the sample holding 
circuit 206 operate, so that the EL unit E shown in Fig. 
7 performs its basic operation, as mentioned above. 
[0046] While the sample pulse SP is being supplied 
from the drive unit 1 50, the switch 208 is set to the mode 
55 in which the reference current source 204 is connected 
to the cathode end of the EL device 15. Furthermore, 
the supply of the sample pulse SP causes the FET 203 
to turn ON, and the reference current l REF for causing 
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the EL device 15 to emit light at the 50% luminance to 
pass between the source S and the drain D of the FET 
12. The gate voltage for passing the reference current 
■ref between the source S and the drain D of the FET 
12 appears at the gate G of the FET 12. In other words, 
the gate voltage for causing the EL device 15 to emit 
light at the 50% luminance is applied to the gate G of 
the FET 12. A sample holding circuit 206 captures and 
stores the gate voltage of the FET 1 2 in response to the 
sample pulse SP, and outputs the captured and stored 
gate voltage as the gate voltage VG. 
[0047] Thus, the EL unit E shown in Fig. 7 carries out 
the operation as the gate voltage monitoring circuit 200 
as mentioned above in response to the supply of the 
sample pulse S P. 

[0046] As described above, the display apparatus in 
accordance with the present invention Is provided with 
the monitoring circuit constituted by a monitoring lumi- 
nescent device, a reference current source for generat- 
ing a reference drive current for causing the monitoring 
luminescent device to emit light at a luminance of K% 
of a maximum luminance level, a transistor for supplying 
the reference drive current to the monitoring lumines- 
cent device, and a switch for connecting the output end 
of the reference drive current and the control end of the 
transistor. An input video signal is corrected so that it 
has a level according to the voltage value on the control 
end of the monitoring luminescent device driving tran- 
sistor when the luminance represented by the video sig- 
nal is K% of the maximum luminance level. 
[0049] Thus, according to the present invention, an 
image can be displayed at a proper luminance based on 
a received video signal, independently of a temperature 
change or a time-dependent change. 



a video signal corrector for correcting the video 
signal so that a voltage value on a control end 
of said first transistor is equal to the voltage val- 
ue on the control end of the second transistor 
5 when a luminance indicated by the video signal 

is K% of the maximum luminance level. 

2. The display apparatus according to Claim 1 . where- 
in the video signal corrector is an adder that adds 

io the voltage value on the control end of the second 
transistor to the video signal. 

3. The display apparatus according to Claim 1 , where- 
in the switch is turned ON at predetermined inter- 
ns vals to connect the output end of said second tran- 
sistor to output the reference drive current and the 
control end of said second transistor. 

4. The display apparatus according to Claim 1 , further 
20 comprising means for capturing and retaining avolt- 

age value on the control end of the second transis- 
tor at predetermined intervals, and supplying the 
voltage value to the video signal corrector. 

25 5. The display apparatus according to Claim 1 . where- 
in the luminescent device is an electroluminescent 
device. 



30 



35 



Claims 



1 . A display apparatus comprising: 

a display panel constituted by luminescent pixel 
units arranged in a matrix pattern, each of said 
luminescent pixel units including a first transis- 
tor for generating a drive current based on a 
video signal and a luminescent device that 
emits light at a luminance based on the drive 
current; 

a monitoring luminescent device; 
a reference current source generating a refer- 
ence drive current that causes the monitoring 
luminescent device to emit light at a luminance 
of K% of a maximum luminance level; 
a second transistor for supplying the reference 
drive current to the monitoring luminescent de- 
vice; 

a switch for connecting an output end of the ref- 
erence drive current in the second transistor 
and a control end of the second transistor; and 
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